Orthostatic hypotension (OH) is a common finding in the elderly. OH is defined as a fall of at least 20 mmHg in systolic blood pressure (BP) and/or 10 mmHg in diastolic BP upon assuming an upright posture. Some patients exhibit a fall in BP of less than the defined OH upon standing. The aim of this study was to estimate the prevalence of BP changes not defined as OH among elderly in-patients and to assess the relationship between these changes in the morning and the occurrence of OH during the day. Postural BP measurements were performed in 502 in-patients; in the morning, early afternoon, and in the evening. We defined intermediate postural drop (ID) in BP as a decrease of 10-19 mmHg in systolic BP and/or of 5-9 mmHg in diastolic BP. We observed that OH and ID occurred in 39.2 and 18.5% of the measurements in the morning, respectively. The prevalence of OH and ID was lower in the evening than in the morning (Po0.05) and afternoon (Po0.005). Postural BP changes in the morning correlated with those occurring later in the day. Patients who had ID in the morning had a 57% probability of having OH later during the day. In conclusions, ID is prevalent in elderly in-patients. ID in the morning predicts OH later in the day. Thus, postural BP drops below the OH range may be an important finding in the geriatric population.
Introducton
In recent years, plenty of data have been accumulated on orthostatic hypotension (OH), its pathophysiology and its consequences. [1] [2] [3] The criteria for OH are quite strict. OH has been defined by a consensus committee as an orthostatic drop of the systolic blood pressure (BP) by at least 20 mmHg or of the diastolic BP by at least 10 mmHg upon assuming an upright posture from the supine position. 4 These criteria seem to be arbitrary, because there is a clinical overlap around borderline values. Patients may feel dizzy, weak or even faint upon standing 1 while postural BP changes do not fulfill the criteria for OH. [2] [3] [4] [5] Moreover, the Honolulu Heart Program study showed a significant linear dose-response relation (without a threshold) between orthostatic change in SBP and mortality. 6 Therefore, by using the classical criteria for the definition of OH one might lose important information. In a previous study, using the classical criteria, we evaluated the prevalence of OH in an elderly population hospitalized in an acute geriatric ward. 7 The importance of an intermediate fall in BP while assuming an upright posture led us to re-evaluate our data in order to assess the prevalence and characteristics/virtues of intermediate fall in blood pressure.
Therefore, the aim of the present study was to estimate the prevalence of intermediate BP changes not defined as OH among elderly patients hospitalized in an acute geriatric setting, and to assess the relationship between the fall in BP in the morning and the occurrence of OH during the day.
Patients and methods

Study population
During a 2-year period (1999) (2000) , 1852 patients were admitted to an acute 25-bed geriatric ward. Patients were included in the study if they were at least 60 years old, able to get out of bed alone or with minor assistance, and able to stand up for at least 5 min. Patients who could not stand on their feet on admission in the ward or who were unwilling to do so at our request were excluded from the study. Of all the hospitalized patients, 502 patients were eligible to be included in the study. Since neither invasive nor interventional procedures were involved, only oral informed consent had been taken from the patients participated in the study.
BP measurements
BP (BP) and heart rate were measured using the Vital Signs Monitor 52 NTP model (WelchAllyn Inc., NY, USA, 1999). The device was checked for accuracy in comparison with a mercury sphygmomanometer. Measurements were obtained in the supine and the standing position three times a day, 30 min after meals: between 0800 and 0900 am after breakfast; between 1300 and 1400 after lunch; and between 1700 and 1800 after dinner. Due to technical problems, only two sets of measurements were obtained in 13 patients.
BP was measured in the supine position after at least 5 min of complete bed rest, and then after 2 min of standing. The cuff was placed on the left arm, which was supported on a closet at shoulder level or 2 cm below. To ensure accurate BP recording during standing, particular care was taken to keep the patient's hand extended with support at the heart level. BP was measured twice in each position and the average of the two measurements was recorded.
The changes in BP on switching from the supine to the upright position were divided into four categories: no drop, mild drop, intermediate drop (ID) and orthostatic hypotension (OH). For systolic pressure, a mild drop was defined as 1-9 mmHg, ID as 10-19 mmHg and OH as 20 mmHg or more. The corresponding definitions for diastolic pressure were 1-4, 5-9 and 10 mmHg or more.
Statistical analysis
Results are reported as mean 7 s.d. The significance of differences between groups was evaluated by a two-tailed Student's t-test. McNemar's test was used to determine the significance of differences in the prevalence of postural BP changes between morning, afternoon and evening measurements. The relationships between BP drops occurring in the morning and BP drop occurring later during the day were estimated using linear regression analysis. Data were analysed to estimate whether intermediate BP drop in the morning could predict the occurrence of OH later during the day. The w 2 test was used to estimate the risk for the occurrence of at least one episode of OH in the afternoon or evening among four groups of patients, classified according to the morning findings: OH, ID, mild drop and no postural BP drop. In 13 of the patients, postural BP measurements were performed only once or twice during the day. Therefore, these were not included in the analysis. Values of Po0.05 were considered significant.
Results
Patients 0 characteristics
The study population included 502 patients (241 male and 261 female patients), with a mean age of 81.6 years. Hypertension and ischaemic heart disease were the most common underlying diseases and most patients used diuretics, ACE inhibitors and calcium antagonists. The main clinical characteristics, drugs used and reasons for hospitalizations are given in Table 1 .
Postural changes in BP and heart rate during the day
The systolic supine BP in the morning was 147 7 24 mmHg and decreased to140 7 28 mmHg upon standing (Po 0.0001). The diastolic supine BP was 72 7 15 mmHg and decreased to 70 7 16 mgHg upon standing (P ¼ 0.002). The heart rate increased from 77 7 13 beats/min in the supine position to 86 7 16 beats/min upon standing (Po 0.0001). The levels of supine and standing BP and heart rate levels during the day are given in Table 2 .
Prevalence of postural BP changes
In the morning, OH and ID were observed in 39.2 and 18.5% of the patients, respectively. The rate of BMI= Body mass index, SBP= Systolic blood pressure, DBP= Diastolic blood pressure, HR= Heart rate.
Postural blood pressure changes in the elderly A Weiss et al OH and ID was 63% in the afternoon and 52 in the evening (Po0.001; Table 3 ).
Correlation between morning change in BP and BP changes during the day
The orthostatic changes in either systolic or diastolic BP in the morning correlated with the orthostatic changes in BP during the afternoon (r ¼ 0.47 and r ¼ 0.38 respectively, Po0.001; Figure 1) , and during the evening (r ¼ 0.36 and r ¼ 0.19 respectively, Po0.001; Figure 1 ).
Probability of having OH during the day according to orthostatic BP changes in the morning
Patients who had OH in the morning had the highest probability (70.3%) of having another OH later in the day. Patients with ID in the morning had a higher (57%) probability of having an OH later in the day than those who had mild or no drop at all (Figure 2 , Po0.01). Of those who have either OH or ID in the morning, nearly 60% had another OH later in the day.
Discussion
In the present study, we have shown that orthostatic BP drop in the morning in the range less than the consensus definition of OH is important as it may predict orthostatic BP fall and OH during the rest of the day. We decided to assess the importance of postural BP changes in the morning since it was stated in the current recommendations that OH should be diagnosed mainly in the morning. 5, 8 We found a relatively high prevalence of OH among our patients and we observed ID in almost 19% of patients in the morning. Several studies reported different prevalence of OH among elderly subjects ranging from 5 to 50%. 2, [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] In the present study, we found a high prevalence of OH. This may be due to the advanced age of the population, medical conditions upon admission, comorbid diseases and polypharmacy. Moreover, the present study shows that in addition to the high prevalence of OH, this population suffers also from ID. Taking together the OH and the ID increases, the prevalence of significant orthostatic changes in the morning to almost 58%. Similar findings were also reported by others. 21 Applegate et al, 16 studied postural changes in systolic BP in an elderly population with isolated systolic hypertension recruited for the SHEP study. 16 They found that the prevalence of ID was 23.3%, which is consistent with the present findings. Diastolic BP changes were not evaluated in that study. The present study is therefore the first report of the prevalence of both systolic and diastolic ID.
The present analysis reveals reasons for estimating postural BP changes in the non-OH range in the morning. First, we showed a fairly good correlation between orthostatic BP changes in the morning and BP changes during the day when we regard BP changes as continuous variables. Second, the finding of ID in the morning was associated with an increased prevalence of OH later in the day. The addition of the intermediate BP drop measurements to those of the OH improved the prediction of OH during the day. Thus, taking into consideration patients with ID in the morning may avoid underdiagnosis of OH during the rest of the day.
Intermediate BP drop may be important not only as a predictor of OH but also as an entity by itself. As the elderly suffer from a meager physiological Postural blood pressure changes in the elderly A Weiss et al reserve, 2, 22 it renders them more vulnerable to any pathological or environmental change. Therefore, it is only expected that even at lower values of BP drop (ie in ID BP drop), an older person might experience various clinical consequences. Although this study lacks clinical data about the patients or their complaints when assuming an upright posture, there are some relevant data from other studies. In one such study, patients complained of dizziness upon assuming an upright posture although their BP did not fall in the OH range. 23 The Honolulu study showed that the mortality rate is higher in those who exhibit a BP fall less than the OH range. 6 Recently, the JNC7 stated that a 10 mmHg BP drop should be regarded as clinically relevant when it is associated with symptoms. 24 Our results corroborate other findings emphasizing the relevance of postural BP drop, which does not fulfill the accepted criteria for OH.
The definition of OH is arbitrary; BP fall a little less than the OH range may still raise the possibility of a regulatoryFautonomous defect. If we regard BP fall values as continuous variables, it is easier to conceive that similar mechanisms underlie those allegedly two kinds of BP drops. According to the above data, this regulatory problem is much more prevalent then is currently estimated.
In conclusion, ID BP drop is quite prevalent among elderly hospitalized patients. Its clinical relevance stems not only from its clinical implications, as found by others, but also from its power, especially if found in the morning, to predict OH later during the day. This finding emphasizes even further the importance of the morning measurement of BP drop.
Additional large-scale studies are required to confirm these results and to correlate the ID with clinical outcomes. 5 These studies should be carried out both in the settings of acute geriatric patients and community-dwelling, stable, elderly persons. Mrs Doris Naor, for their helpful assistance in editing the manuscript and to Dr H Weiss, for her critical review of the paper.
